Introduction
The role of research in improving working conditions is gaining a new impetus as coordinated effort is made throughout the world to establish effective occupational safety and health management systems (OSHMS). This effort is spreading rapidly to many countries including Japan and other Asian countries. It is striking that despite large socioeconomic differences, similar concepts of OSHMS are This trend is a major follow-up of the new developments in the 1990s toward action-oriented risk management with active participation of local people. The advisory roles of occupational safety and health professionals have been stressed along with the increasing emphasis on multi-factor interventions [6] [7] [8] . There is a clear need to develop locally adjusted risk management procedures based on the new concepts for risk management 2, 9) . We should also note that recent changes in technologies and working patterns have given a large impact on research on occupational health practice 10, 11) . The implications of these developments for occupational health research are discussed by comparing the new trend of OSHMS with our recent experiences in work improvement projects. These projects have been organized since early 1990s within a research and training network involving collaborating institutions in some Asian countries [12] [13] . Action training packages aimed at workplace improvements have been developed for small enterprises, trade unions and farmers. Joint research and training projects as well as the mutual support for practical research methods and the exchange of successful interventions have proven useful. In most these countries, there has been a rapid move toward introducing OSHMS at the national scale. It is important that the experiences gained through work improvement projects share common features with the OSHMS procedures. A better understanding of these common features seems useful for future research into better occupational health practice.
This paper examines first the features of OSHMS being applied in different Asian countries. Attention is drawn to risk management needs in diversifying working situations. Then, the risk assessment procedures within such OSHMS are compared with the features of successful work improvement methods in actual action training used in our network. This comparison may indicate what types of risk assessment and reduction procedures are more successful in the local context. Finally, the research implications of widely adopting OSHMS are discussed especially in relation to participatory steps common to OSHMS procedures and our own networking experiences.
Materials
The materials studied included the information on risk management trends collected from selected Asian countries and the recent experiences from our network involving Japan and several other countries in Asia.
The current situations in applying occupational safety and health management systems (OSHMS) are reviewed on the basis of the country reports submitted to the ILO/Japan AsianPacific Regional Seminar on Occupational Safety and Health Management Systems (Kuala Lumpur, 22-24 May 2001) . The seminar discussed the practical strategies for applying the new ILO Guidelines on OSHMS 4, 5) . The analysis of these country reports was conducted by the author and presented to the seminar. The main features of the OSHMS programmes in these countries are further examined in this paper. This analysis covered Australia-New Zealand, China, Hong Kong, India, Indonesia, Japan, Korea, Malaysia, Singapore and Thailand.
Experiences gained through collaborative research and training in our Asian work improvement network 12, 13) are compared with these OSHMS features. Collaborating institutions included occupational safety and health centres, inspectorates, applied research institutes, university departments, trade unions and local health agencies. The network partners were from Bangladesh, Japan, Malaysia, Mongolia, Nepal, Pakistan, the Philippines, Thailand and Vietnam. Similar experiences from a few other countries including China and Indonesia were also referred to. Field interventions examined comprised the following three types of joint activities organized either as joint research or action training:
(a) Field studies and associated pilot training workshops on work improvements involving managers, workers and occupational safety and health personnel; (b) intensive action training using either of the three training packages jointly developed with the network partners-the Work Improvement in Small Enterprises (WISE) methodology for small and medium-sized enterprises, Work Improvement in Neighbourhood Development (WIND) methods for farmers, and Participation-Oriented Safety Improvements by Trade Union Initiative (POSITIVE) programme for trade unions.
Field studies were done in factories and on farms in Japan, Malaysia, the Philippines, Thailand and Vietnam to know practicable types of improvements in workload and the working environment [14] [15] [16] [17] . These studies often led to simple workplace improvements. In association with these field studies, action-oriented training workshops were organized in Hong Kong, Japan, Malaysia, the Philippines, Thailand and Vietnam for selected audiences. These workshops were useful for developing the action training packages as described below.
The WISE, WIND and POSITIVE methods were developed through serial networking activities. The basic methods of the three training packages and the typical improvements achieved are discussed in detail elsewhere [12] [13] [14] . The original WISE methodology was developed by the ILO 18) . WISE training courses, usually for 1-2 weeks, consisted of checklist exercise, workshops on low-cost improvements and small group work on planning and implementation of low-cost improvements. These courses resulted in many improvements done by the participants. WISE activities spread to many countries in Asia, Latin America and Africa 2, 19) . WISE courses were also frequently undertaken by our network partners, including the Philippines, Thailand, Vietnam and other countries [20] [21] [22] . The WIND training package used similar methods for farmers, first developed in Can Tho Province in Vietnam, and then spread to other parts of Vietnam, the Philippines and Thailand [23] [24] [25] . Participating farmers did many simple improvements. The POSITIVE programme for trade unions comprised workshops for one to four days that used checklist exercise, workshops and group work 26) . Their participants reported to follow-up seminars many improvements undertaken by them. For each of these methods, trainingof-trainers workshops were organized. Manuals illustrating low-cost improvements and trainers' manuals were developed and used for these methods.
This paper concentrated on the discussion of common features found in these materials. There was an obvious contrast between the OSHMS procedures used and the work improvement approaches represented by WISE, WIND and POSITIVE methods. While the OSHMS procedures were aimed at risk management processes as part of continual improvement, the three action training approaches attempted immediate workplace improvements adapted to each local situation. In terms of practical risk assessment and control and in the ways applying participatory methods, however, the OSHMS procedures and the training approaches shared similar concepts and methods. These common aspects have important implications for research in occupational health and ergonomics and are discussed.
OSHMS Needs in Diversifying Work Situations
The occupational safety and health management systems (OSHMS) being applied in Asian countries are strikingly similar. This is because they have been formulated generally in line with the OSHMS models based on ISO 14000 series and similar management systems 5, 9) . Almost all countries had legislative provisions for encouraging voluntary OSHMS and are developing nationally applied OSHMS standards or guidelines. This is noteworthy as there have always been considerable discrepancies between these countries about the legal and administrative framework of occupational safety and health. This diversity is still noted concerning the legislative background of national approaches in OSHMS, but not concerning the substance of OSHMS that are by and large similar. There are four different kinds of national approaches: (a) mandatory OSHMS in specified undertakings with regulatory measures (Indonesia, Singapore); (b) nationally applicable voluntary OSHMS standards with the support of certification systems (Australia and New Zealand, China, Thailand); (c) promotion of national OSHMS models through guidelines issued by a statutory OSH body (Hong Kong, Japan, Korea); and (d) encouragement of the voluntary adoption of OSHMS without nationally applied models (India and Malaysia). These different approaches are shown in Table 1 . We should realize that despite the different approaches, the main components of OSHMS being promoted were similar.
Mandatory OSHMS
This approach is based on the regulatory measures requiring mandatory OSHMS in specified enterprises. In Indonesia, the Ministry Regulation (Permenaker 05/96, 1996) stipulates the compulsory implementation of OSHMS including auditing for enterprises with 100 or more workers having a high accident or illness risk from the workplace. Audit is to be carried out by an independent body, the audit level being divided into three categories specified by the number of parameters, 64 for small companies, 122 for medium companies and 166 for large companies or those with a high-risk level. Achieving 60% or more of these parameters is required. In Singapore, there have been stepwise progress in providing mandatory OSHMS in shipyards and construction worksites where the contract sum of work to be carried out is S$10 million or more since 1994 (with frequency of audit every 12 months). The larger worksites working for S$30 million or more are required to have the OSHMS audited by external auditors at least once every six months. Since 2000, mandatory OSHMS and auditing have been extended to three classes of factories in the manufacturing sector (petroleum or petrochemical products processing, semiconductor wafers manufacturing and manufacturing of fabricated metal products, machine or equipment) in which 100 or more persons are employed.
Nationally applicable OSHMS standards
These standards are set for national application with certification support. In Australia and New Zealand, OSHMS based on AS/NZS 4801 is widely adopted with the support 
Promotion of national OSHMS models
These models are promoted by designated statutory bodies, 
Encouragement of voluntary OSH management
The approach, taken by Malaysia and some other countries in the region, concerns the promotion of enabling steps toward improved OSH management. The enabling nature of legislation, such as in the Occupational Safety and Health Act 1994 of Malaysia, facilitates the government action supporting self-regulation in OSH management. A private standards research institute carries out certification as to OHSAS 18001 set as inter-country standards by standards institutions in some countries including Malaysia. In these and other countries, training and support for certification are provided by a number of consultancy services.
We should note that despite these differences in national approaches, most countries in the region promote nationally adapted OSHMS standards or models that are in conformity with the international guidelines. Thus guidance services are provided extensively by the governmental agencies and statutory bodies concerned. With the exception of a few countries, the majority of the governments also attempt to establish and sustain certification systems as part of their administrative functions. Even in countries with mandatory OSHMS, a careful approach is taken so as to encourage the enterprises involved to take voluntary action to establish effective management systems. There are efforts to adjust the relevant standards to the national situation through guidance and support functions of the governments and statutory bodies. It is natural that all the OSHMS models and standards being adjusted to the local situation are formed to incorporate all the important generic elements of a management system. The enabling nature of the national legislation compatible with these generic elements of OSHMS is particularly important as demonstrated by some examples.
As a rule, the main components of OSHMS spreading to these countries incorporated the guidance by the ILO Guidelines on OSHMS (ILO/OSH 2001). This is because these components reflect the development of OSHMS on the basis of ISO 14000 series on environmental management. Obviously, this development has resulted from the recognition that any OSHMS should consist essentially of elements for (a) "OSH inputs" securing the employers' commitment and resources, (b) "systematic risk assessment and control" procedures and (c) "continual improvement" based on evaluation (audit and management review) 4, 9) . As clearly stated in ILO/OSH 2001, OSH should be a line management responsibility, and should not be seen as a task for OSH units or specialists. Thus OSHMS at the enterprise level have incorporated all the main elements that follow the internationally accepted Plan-Do-Check-Act cycle. This PDCA cycle is followed as it is the basis of the "system approach" to management. In ILO/OSH 2001, these sections are Policy, Organizing (both corresponding to (a) above), Planning and Implementation (corresponding to (b) above), Evaluation and Action for improvement (corresponding to (c) above). Since the OSHMS standards or models in Asian countries, as in those in other regions, accept this management structure, their main components in place are similar. This has been necessary so as to keep this management structure and allocate the necessary responsibilities for delivering the OSH policy. Planning and implementation thus generally contain the elements of hazards identification and initial review, system planning, risk assessment, implementation of control measures and necessary documentation. The aim of the management systems is apparently to identify any weaknesses that need correction and to overcome these weaknesses in the process of continual, step-wise improvement.
This similarity in OSHMS procedures found in all these countries studied is obviously based on the similar situations in strengths and weaknesses of existing management practices in the OSH field. These situations are indicated in Table 2 . Apparently, the situations were similar among these countries. Both strengths and weaknesses could be identified for the three main aspects of OSHMS, including the three main aspects of OSHMS comprising inputs, risk assessment/ control and management/evaluation 4, 9) . Generally, the adoption of OSHMS procedures is more advanced in large enterprises and in a limited number of medium-sized enterprises. This is helped by public attention to occupational safety and health and by the new national policies encouraging voluntary OSHMS as part of employer duties. The recent progress in risk analysis and self-regulatory measures through information and training services also contributes to the spreading adoption of OSHMS. Nevertheless, the general adoption of OSHMS procedures is hampered due to many weaknesses of the current occupational safety and health practices in these countries. Accordingly, the promotion of good occupational health practice is helped by the application of OSHMS, but this influence is still limited. The regulatory compliance is considerably varied, and there are still large gaps in applying risk management measures between industries and between larger and smaller enterprises. These weaknesses are seen in all the three aspects of the OSH management structure, as shown in the table.
The weaknesses are relevant not only to the aspects of OSH inputs, but also to workplace procedures in managing occupational risks. Similar weaknesses are found in workplace activities of occupational health services in these countries. In addition to insufficient resources, low regulatory compliance and limited employee participation, there are weaknesses also concerning risk assessment and control procedures in most enterprises and concerning audit and review procedures. Often these procedures are generally applied without a clear link with continual improvement. Thus, there is a widely recognized need for comprehensive risk assessment procedures linked with practicable preventive measures. The need is acute for developing training focusing on this need in each local situation.
Interestingly, the recent experiences from the enterprises that introduced OSHMS confirm the merits of a systematic risk management approach 13, 17, 27) . Such merits are felt particularly when locally applicable workplace procedures are devised. They include clear accountability of line managers, rapid action by direct participation of managers and workers, more systematic preventive measures and sharing of information by all employees. This clearly indicates the link between the common processes of OSHMS and the practical nature of workplace procedures used in each process.
The main OSHMS components commonly applied in the OSHMS studied may be illustrated to have the corresponding workplace-level processes of practical nature, as shown in Fig. 1 . These components are similar to the five steps recommended by the Health and Safety Executive of the United Kingdom for smaller enterprises 28) . These phases are incorporated in the risk management process for both large and enterprises 17) . At the workplace level, OSHMS can be implemented by specifying groups of workers exposed to similar hazards, checking improvement actions needed and implementing priority improvements as well as by monitoring and correcting weak points. Particularly in the implementation phase of risk control, active participation of managers, supervisors and workers is considered crucial. Awareness is increasing of the importance of such workplacelevel voluntary action in all the countries studied.
Action-Oriented Risk Assessment
The recent experiences in introducing the system approach required in OSHMS point to the importance of risk assessment and control procedures of practical nature. In [29] [30] [31] . These factors also include working time arrangements, work organization and occupational stress 8, 32, 33) as well as emergencies and individual exposures 34, 35) . A particular attention is drawn to risk assessment in small enterprises that should address all these factors in a coherent and practical manner 17, [36] [37] [38] .
It is of particular interest that the risk management procedures in any OSHMS are addressing the same kinds of workplace-level actions as in the case of the work improvement projects within our Asian network. Therefore, the relationship between the risk management aspects in OSHMS and the work improvement aspects in our action training projects is examined by comparing the corresponding system components. The comparison is shown in Table 3 . It is remarkable that the two different systems having evolved in different contexts make use of similar workplace-level procedures.
The procedures used in our work improvement projects are more concrete and straightforward compared with the OSHMS procedures in general. But both kinds of procedures emphasize the three essential aspects of OSH inputs, risk assessment/control and evaluation. About the aspect of OSH inputs, both OSHMS and work improvement projects have steps to secure commitment and participation. In the stage of risk assessment and control, multifaceted check procedures and group planning of prioritized preventive measures are equally taken into account, with the support of communication and training. As for the evaluation stage, follow-up by means of case studies, stepwise improvements and overall review of action procedures are stressed. In this way, both OSHMS and work improvement procedures are not only systematic but also practical. We should note that these procedures are organized by active participation of workplace people. This similarity is important as it may highlight the practical procedures workable at the workplace level in managing risks in different settings.
There are two important lessons from these close relationships between OSHMS and work improvement projects. First, we can see the universal need to look at the multiple risks that exist in any risk or work situation. This is important to adjust risk control measures and continual improvement processes to each local situation. Second, we also find the need to understand the practical procedures or steps applied to identify these risks and select priority preventive measures. The multiple risks that exist at each workplace may be different according to the work methods and technologies used. But the whole range of risks that must be checked should be more or less similar. This is why the actual risk management and work improvement procedures follow a similar pattern among different workplaces.
To know the range of risks that should be considered in OSHMS, the characteristics or work that are taken into account in risk assessment within OSHMS and those that are usually considered in work improvement projects are compared in Table 4 . In OSHMS today, attention is drawn to work methods as a whole, including not only traditional hazard sources but also ergonomics, occupational stress and working life factors. Thus, the conditions defining hazards relevant to risk assessment in OSHMS cover a range of factors shown in the table. They cover (a) the context to work including organizational culture and individual roles and decisions, (b) work content including task design and ergonomic aspects, (c) work environment including safety and hygienic aspects and emergencies, and (d) working life factors. An increasing attention is paid to the contextual factors in work organization as well as to the work content factors. This is based on the increasing recognition that work-related accidents and illnesses do occur due to the combined effects of these factors. Examples are numerous including system accidents, a large number of accidents related to human errors, work-related musculoskeletal disorders and stress-induced diseases. The hazardous conditions listed in Table 4 are those frequently met at the industrial workplace.
It is noteworthy that similar factors in the above-mentioned four categories are also taken into account usually in our work improvement projects. Work organizational factors relating to team work and interpersonal relations are gaining importance in any work improvement projects, together with the many ergonomics factors related to work content. Among work environmental factors, attention is expanding to cover various factors causing human errors as well as welfare facilities and emergency preparedness. Working life aspects and related social support are also increasingly covered.
A further question in view of such a wide range of work- related factors is how to assess and control these factors within OSHMS as in the case of work improvement projects.
Here we note the limitations of traditional factor-by-factor approaches 38, 39) . Because resources available at each workplace are limited, we need to adopt practical procedures suited to identifying most relevant workplace conditions and making improvements on step-by-step basis 12, 13) . It is necessary to develop action-oriented risk assessment procedures. Our experiences in work improvement projects and in applying similar methods to OSHMS in small enterprises confirm the importance of practical "tools" for assessing workplace conditions 17, 20) . Participatory tools to be used in group work procedures of workplace people are particularly useful. Examples include the presentation of local good examples, the use of action checklists and the reference to improvement guides provided in the form of information sheets and manuals. They are useful as these tools help people assess the existing conditions at the same time looking for practicable solutions 12, [40] [41] [42] [43] [44] .
As essential tools of action-oriented risk assessment, therefore, the following may be mentioned: 1) audiovisual materials illustrating potential problems and improvements, including many low-cost improvements; 2) action checklists and similar assessment questionnaires that list locally available solutions; 3) field monitoring equipment that can be used widely; 4) action manuals providing guidance as to how to select practical improvements; and 5) practical methods to facilitate group work. Training in the use of these tools is needed.
One of the important future tasks of OSHMS will be to make better use of action-oriented risk assessment procedures suited to each local situation. Practical assessment tools must be developed that can facilitate the relative assessment of existing risks while at the same time helping the identification of priority preventive measures. As we need to look at the combined effects of a group of hazards, such tools should help local people take into account these relevant factors and look for workable solutions. The various tools used in work improvement projects provide useful hints in this regard.
Participatory Steps in Reducing Health Risks
The existing gaps in applying OSHMS are clearly related to the lack of appropriate assessment procedures and tools. The basic methodology of the system approach now used in various OSHMS does not seem sufficient to fill the gaps. Training in the use of practical risk assessment and reduction procedures should be organized with the active support of occupational safety and health personnel, including occupational health services staff. The roles of such staff should be to advise employers and workers about the organization of risk management and to facilitate the use of such procedures and tools. The working mode of occupational health services should be re-oriented toward playing the role of advisers and facilitators for practical risk management.
The recent experiences in reorienting workplace approaches toward a reliable, safe and healthy organization are important from this perspective 39, 45, 46) . Various actionoriented training activities in supporting OSHMS and work improvement are also relevant 12-14, 47, 48) . As these experiences show, workplace improvements are more successful when participatory steps are taken consistently from the planning stage to the selection and implementation of priority improvements. An effective use of participatory steps involving key local people is always important.
The main future issues discussed at the Asian-Pacific Regional Seminar mentioned above centred around the harmonization of OSHMS between different countries in accordance with ILO/OSH 2001 and the training of employers, workers and occupational safety and health personnel. While the essential components of OSHMS are similar between national standards and models, the actual risk management procedures should certainly be "tailored" to the local situation as advocated by ILO/OSH 2001 4) . We must acknowledge that the training modules so far developed for OSHMS implementation are not yet satisfactory for this purpose. Intensive effort is needed to develop appropriate procedures and training methods so as to make the required participatory steps fully in place. According to the discussions at the seminar, main issues included (a) promotion of occupational safety and health initiative by local people; (b) developing effective risk assessment and control capabilities applicable locally; (c) bridging gaps seen for high risk occupations, small enterprises and the informal sector; and (d) training methods for applying OSHMS in a tailored manner in the local context. The need to strengthen local capabilities to deal with occupational health hazards and ergonomics was frequently mentioned.
Based on all these recent experiences, research implications of future OSHMS implementation are summarized in Table  5 . We can agree that research is needed in all the three aspects of OSHMS, namely, with respect to OSH inputs, risk assessment and control procedures and system evaluation.
In the future development of the system approach required in any OSHMS, we need to know the ways and means of enabling employers and workers to act locally, conducting baseline performance evaluation, setting locally adjusted policies and goals, and promoting participation at all levels. All this will require extensive studies on how to create voluntary initiative at each workplace, what to collect and learn from locally available best practice, what guidance is useful for planning of management systems, and how to identify and apply appropriate participatory methods in different settings. In particular, research is needed for developing appropriate procedures of applying participatory steps adjusted to workplace-level OSHMS procedures.
Within OSHMS, these procedures concern hazards identification, assessing multiple risks, prioritizing preventive measures and risk communication and training. Therefore, research should focus on how to detect and cope with emerging risks, how to conduct action-oriented risk assessment, how to document and utilize practical solutions, and how to develop and apply communication and trainer tools. Finally, we also need to know, in effectively organizing OSHMS, the ways to conduct incident and cause investigation, measure system performance, proceed with continual improvement and succeed in management review. This likewise requires research on case study techniques, valid performance indicators, facilitation methods of stepwise actions and management review criteria. A key question of such research into management procedures relates to the effective participatory steps essential for risk management. Recent lessons from the work improvement approaches are therefore critically relevant to all these research topics.
In elaborating the research topics listed in the table, the experiences from the action training approaches such as WISE, WIND and POSITIVE and similar participatory programmes seem remarkably useful. This is because both OSHMS and these approaches emphasize a better use of action-oriented risk assessment and various participatory methods. In particular, research is needed for developing appropriate procedures of applying participatory steps adjusted to workplace-level OSHMS procedures.
The link between the participatory steps and the associated tools is shown in Fig. 2 . We may mention the four essential steps of (a) group study of risk situations, (b) making plans dealing with multiple risks, (c) obtaining feedback from local people about potential options, and (d) implementation and evaluation. Effective participatory tools may therefore include group study tools for assessing the existing risk situation, planning tools such as checklists, and questionnaires, group work tools for selecting priorities as well as various follow-up tools for making sustained changes and evaluation.
Intensive research is thus needed for promoting effective OSHMS particularly about action-oriented risk assessment and about participatory procedures combining such assessment with concrete improvements. This research must be linked with enterprise-level activities toward reliable and healthy organization as prerequisites of safe and healthy conditions of work 45, 49, 50) . Research is also needed into effective action-oriented training of local people 12, 13) . Criteria for action-oriented research in this sense need to be developed.
The following six criteria may be suggested for examining the action-oriented nature of research in the field of occupational health and ergonomics: (a) adaptive risk management; (b) work/risk relationships; (c) action-oriented risk assessment; (d) use of collective expertise; (e) participation of local people; and (f) mutual learning. These criteria may be useful for planning practical research that can contribute to the spread use of OSHMS in various work settings. As for criteria (a) and (b), a research programme aimed at OSHMS promotion can be more effective when the research design takes into account risk management goals adapted to the local situation and the particular relationships between work characteristics and risks at the workplace. The reported success of work improvement projects clearly demonstrates the value of adaptive actions and the need for close attention to the linkage between work productivity and work-related risks. About criteria (c) and (d), research should have a clear relevance to action-oriented risk assessment and to the use of available local collective expertise. Research should address concrete procedures involving such risk assessment and the use of local expertise. Finally, about criteria (e) and (f), we need to ensure that research planned should look into facilitating participation of local people together with their mutual learning. It should be kept in mind that research into the roles of occupational health practice in risk management is better organized when it is relevant at the same time to initiative, action and participation.
Conclusions
Research implications of the new principles of occupational safety and health management systems are reviewed based on recent developments in Asian countries. The trends seen in national application of OSHMS and the experiences from work improvement projects were considered highly relevant because OSHMS and practical work improvement had important common features. These experiences show that locally adjusted procedures for risk assessment and control must be developed. The development of such procedures can be supported by renewed research concerning (a) the effective ways to encourage voluntary control at the workplace; (b) practical methods for local risk assessment; and (c) the types of participatory steps leading to continual improvements in the varying local context.
Useful examples are provided from recent work improvement projects dealing with small workplaces, trade unions and rural areas. Six relevant criteria of action-oriented research that can contribute to more effective risk control in different settings may be suggested: (a) adaptive risk management; (b) work/risk relationships; (c) action-oriented risk assessment; (d) use of collective expertise; (e) participation of local people; and (f) mutual learning. It appears crucial to stimulate research into the practical risk control procedures adjusted to the local situation.
